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ABSTRACT
Taiwan has experienced several outbreaks of enterovirus 71 (EV71) infections since 1998. This study
examined the quantitative relationship between speciﬁc cytokines in the cerebrospinal ﬂuid (CSF) and
the severity of EV71 brain stem encephalitis (BE), and investigated whether the CSF cytokine response
differed from that to uncomplicated echovirus meningitis (EM). The study included 57 children with
EV71 BE, of whom 24 had isolated BE, 24 had autonomic nervous system (ANS) dysregulation, and nine
had pulmonary oedema (PE), and 15 children with EM. All were conﬁrmed by virus culture. Mean CSF
glucose, total protein and lactate levels were increased signiﬁcantly in association with the severity of
EV71 BE. The mean CSF concentration of interleukin (IL)-1b in children with EV71 PE was signiﬁcantly
higher than in those with isolated BE. IL-6 and interferon (IFN)-c levels were signiﬁcantly higher for
EV71 PE and ANS dysregulation than for isolated BE. In contrast, EM was associated with high levels of
IL-1b and low levels of IFN-c. Cytokines in the central nervous system, as well as in blood, appear to be
involved in the pathogenesis of EV71 BE.
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INTRODUCTION
Several large outbreaks of enterovirus 71 (EV71)
infection have occurred in Taiwan since 1998.
EV71 usually causes relatively benign hand, foot
and mouth disease and herpangina in children
[1]. It can also cause severe infection of the
central nervous system (CNS). The CNS mani-
festations include meningitis, a poliomyelitis-like
syndrome, and brain stem encephalitis (BE)
complicated by fatal pulmonary oedema (PE)
[2–7]. Cardiopulmonary collapse may result from
excessive stimulation of the autonomic nervous
system (ANS), originating from the inﬂamed
brain stem or systemic inﬂammatory responses
[8], or a combination of both responses in the
case of fatal EV71 PE.
It has been shown previously that the systemic
inﬂammatory mediators interleukin (IL)-10, IL-13
and interferon (IFN)-c play an important role in
the pathogenesis of fulminant EV71 PE [8]. Sev-
eral cytokines and their receptors are present and
function in the CNS [9,10]. These have been
detected in the cerebrospinal ﬂuid (CSF) of
patients with CNS infection, ischaemia, stroke,
trauma or degenerative processes [11,12]. The
CNS is regarded as an immunologically privi-
leged site. Local production of cytokines within
the CNS is derived from inﬁltrating mononuclear
cells (T-cells and macrophages), or from microglia
and astrocytes in the nervous system [13]. Nor-
mally, the cellular expression of cytokines in the
CNS is highly integrated and under tight regula-
tory control. However, in certain pathological
conditions, cytokine production may become
spatially and temporally dysregulated, leading
to inappropriate production.
The present study was designed to examine the
role of cytokines in the pathogenesis of EV71 BE
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of varying severity. An epidemic of echovirus
meningitis (EM) in children occurred during the
study period [14], and children with uncompli-
cated EM were included in the study to provide a
comparison group.
MATERIALS AND METHODS
Patients and deﬁnitions
The subjects consisted of children who presented with viral
meningitis or BE. Viral meningitis was diagnosed on the basis
of clinical features, CSF pleocytosis (>15 cells ⁄mm3), and
positive virus and negative bacterial cultures. The case
deﬁnitions of isolated BE, ANS dysregulation and PE were
as described previously [3,8]. The Clinical Research Ethics
Committee of the National Cheng Kung University Hospital
(Tainan, Taiwan) approved the study protocol. Informed
consent was obtained from the participants’ parents or
guardians.
Sample collection
CSF samples were collected in sterile tubes within 48 h of
admission. The CSF white blood cell count, glucose, protein
and lactate levels, were determined by standard laboratory
procedures. Specimens were submitted for bacterial and viral
cultures. The remaining CSF samples were centrifuged (2000 g
for 10 min) and the supernatant was stored at )70C until
assayed.
Virological studies
All specimens (throat swab, stool and CSF) were collected in
virus transport medium and inoculated within 24 h on
stationary monolayers of RD cells, A549 cells, green monkey
kidney cells and Vero cells. The cultures were incubated at
37C and inspected daily for up to 14 days for a viral
cytopathic effect. Echovirus was typed antigenically by im-
munoﬂuorescence with monoclonal antibodies, including
mouse anti-echo 6 and mouse anti-echo 30 (mAb 3312 and
mAb 3315; Chemicon International, Temecula, CA, USA).
EV71 was identiﬁed in cells exhibiting a cytopathic effect using
two EV71 type-speciﬁc monoclonal antibodies (mAb 3323 and
3324; Chemicon International) with immunoﬂuorescence
stains. Two monoclonal sera were required to compensate
for cross-reactions between mAb 3323 for EV71 and coxsackie-
virus A16, and mAb 3324 for EV71. The presence of EV71 was
conﬁrmed by neutralisation tests with polyclonal EV71 rabbit
antibodies.
Measurement of cytokines
Concentrations of IL-1b and IL-13 were determined by ELISA
(Quantikine; R&D Systems, Minneapolis, IN, USA). Levels of
IL-2, IL-4, IL-6, IL-10, tumour necrosis factor (TNF)-a and
IFN-c were determined by ﬂow-cytometry (BD Human
Th1 ⁄Th2 Cytokine CBA Kit; BD PharMingen, San Diego, CA,
USA), according to the instructions of the manufacturer.
Samples were measured in duplicate and the mean value
was used for statistical analysis. The limits of detection of these
immunoassays are 1 pg ⁄mL for IL-1b, 2.6 pg ⁄mL for IL-2,
2.6 pg ⁄mL for IL-4, 10 pg ⁄mL for IL-6, 2.8 pg ⁄mL for IL-10,
32 pg ⁄mL for IL-13, 2.8 pg ⁄mL for TNF-a, and 7.1 pg ⁄mL for
IFN-c.
Statistical analysis
Proportional data were analysed using chi-square tests or
Fisher’s exact test. Continuous data were analysed using the
t-test or the Mann–Whitney U-test. All analyses were
performed using SPSS v.11.5 (SPSS Inc., Chicago, IL, USA),
with p <0.05 considered to be signiﬁcant.
RESULTS
Demographical data and CSF analysis
Fifty-seven children with EV71-associated hand,
foot and mouth disease or herpangina complica-
ted by BE were admitted to the National Cheng
Kung University Hospital over a 5-year period
between January 2000 and December 2004. Fifteen
children with aseptic meningitis caused by echo-
virus 30 (n = 9) or echovirus 6 (n = 6) were
enrolled in the study during the same period.
Viruses were isolated from CSF in all cases of EM,
but EV71 was never isolated from CSF. The
diagnosis was made by isolation of the virus
from throat swabs, stool specimens or tissue.
Children with EV71 BE were stratiﬁed into
three groups: 24 with isolated BE; 24 with ANS
dysregulation; and nine with PE. The age, gender
and CSF ﬁndings for patients with EV71 BE and
EM are shown in Table 1. The children with EV71
BE were c. 4 years younger than those with EM
(p 0.001). Males were more likely than females to
develop PE. The CSF glucose, protein and lactate
levels increased in relation to the severity of the
BE. The CSF ﬁndings in children with EM did not
differ signiﬁcantly from those in children with BE,
except for lower mean glucose (p 0.004), protein
(p 0.041) and lactate (p <0.001) levels in children
with EM compared to those with PE.
Cytokine concentrations in CSF
The concentrations of IL-1b, IL-2, IL-4, IL-6, IL-10,
IL-13, IFN-c and TNF-a in CSF samples obtained
from EV71 patients with isolated BE, ANS dys-
regulation, PE or EM are shown in Fig. 1. The
mean CSF concentration of IL-1b in children with
PE was signiﬁcantly higher than that in children
with isolated BE (27.7 ± 19.5 pg ⁄mL vs. 8.7 ± 15.9
pg ⁄mL, p 0.001). The mean CSF concentrations of
IFN-c and IL-6 were also elevated signiﬁcantly
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in children with PE (IFN-c, 1351.8 ± 1709.4
pg ⁄mL, p <0.001; IL-6, 1976.6 ± 1900.2 pg ⁄mL,
p 0.003) and ANS dysregulation (IFN-c,
755.7 ± 655.3 pg ⁄mL, p <0.001; IL-6, 1200.0 ±
1408.4 pg ⁄mL, p 0.018) as compared to children
with isolated BE. Children with EM had higher
concentrations of IL-1b as compared to all the
children with EV71 BE (153.1 ± 151.4 pg ⁄mL vs.
14.3 ± 19.3 pg ⁄mL, p <0.001). In contrast, chil-
dren with EM had signiﬁcantly lower CSF con-
centrations of IFN-c (296.8 ± 185.4 pg ⁄mL vs.
1351.8 ± 1709.4 pg ⁄mL, p 0.04) than children
with EV71 PE. There were no signiﬁcant differ-
ences in CSF concentrations of IL-2, IL-4, IL-10, IL-
13 and TNF-a among children with EV71 isolated
BE, ANS dysregulation or PE.
DISCUSSION
Several epidemic outbreaks of enterovirus infec-
tion occurred between January 2000 and Decem-
ber 2004 in southern Taiwan. The enteroviruses
isolated most frequently were EV71 in 2000,
echovirus 30 in 2001, coxsackievirus B5 (CB5) in
2002, coxsackievirus A16 (CA16) in 2003, and
coxsackievirus A10 (CA10) in 2004. The most
common clinical features of EV71 and CA16
infections were hand, foot and mouth disease
and herpangina. The predominant presentation of
echovirus 30 infections was aseptic meningitis.
CB5 infection usually occurred in young infants
with non-speciﬁc fever, but some patients had
complications with hepatitis. Herpangina was the
major feature of CA10 infection.
In a previous study, increased levels of IL-10,
IL-13 and IFN-c were found in the plasma of
patients with EV71 PE, the most severe form of
EV71 BE, compared to EV71 isolated BE [8]. The
present study detected high CSF levels of IL-6 and
IFN-c in association with ANS dysregulation and
PE. In addition, levels of IL-1b in association with
PE were higher than those in uncomplicated BE
(but lower than those associated with EM).
IFN-c is not normally present in the brain
parenchyma. The source of CSF IFN-c in the CNS
inﬂammatory state has been attributed to inﬁltra-
ting activated CD4+ T-cells, and neuronally acti-
vated astrocytes and microglia [15]. IFN-c appears
to promote gliosis and inﬂammation by its effect
on astrocytes. This suggests a detrimental effect of
IFN-c on the CNS [16]. The present study revealed
that children with EV71 PE or ANS dysregulation
had higher IFN-c levels than those with isolated
BE and EM. This suggests that IFN-c is respond-
ing maximally to severe infection.
IL-1 activatesmicroglia and vascular endothelial
cells to recruit peripheral leukocytes and produce
neuroinﬂammation. Elevated IL-1b levels were
found only in the CSF and not in the plasma of
EV71-infected patients with PE (data not shown).
Hosoi et al. [17] found increased levels of IL-1b
mRNA in the brain in the absence of an increase in
circulating IL-1b in rats. These ﬁndings support the
notion that IL-1b is probably synthesised in the
CNS in response to severe EV71 infection.
The source of IL-6 appears to be the brain or
meninges, since CSF levels of IL-6 exceed those in
plasma [18]. Other investigators have reported
Table 1. Demographical and cerebrospinal ﬂuid ﬁndings for patients with enterovirus 71 brainstem encephalitis and
echovirus meningitis
Characteristic
Enterovirus 71-associated brain stem encephalitis (n = 57)
Echovirus
meningitis
(n = 15)
Isolated brain stem
encephalitis (n = 24)
Autonomic nervous system
dysregulation (n = 24)
Pulmonary oedema
(n = 9)
Age (years)a 2.6 ± 2.2 2.2 ± 1.8 1.4 ± 0.9 6.2 ± 3.5
Male (%)b 13 (54.2) 12 (50) 9 (100) 7 (46.7)
WBC ( ⁄mm3) 131 ± 111 203 ± 174 174 ± 172 136 ± 89
Neutrophils (%) 48.4 ± 32.7 51.8 ± 34.1 40.4 ± 33.3 50.7 ± 28.6
Lymphocytes (%) 43.7 ± 33.1 41.6 ± 32.6 53.8 ± 32.1 43 ± 27.1
Glucose (mg ⁄dL)c 59.5 ± 13.3 73.8 ± 16.2 90.2 ± 28.9 60.7 ± 10.6
Total protein (mg ⁄dL)d 39.3 ± 15.8 53.2 ± 23.6 65.7 ± 19.0 42.6 ± 33.3
Lactate (mmol ⁄L)e 1.6 ± 0.3 2.2 ± 1.8 4.6 ± 3.1 1.7 ± 0.4
aPulmonary oedema vs. echovirus meningitis, p 0.007.
bAutonomic nervous system dysregulation vs. pulmonary oedema, p 0.012; pulmonary oedema vs. echovirus meningitis, p 0.009.
cIsolated brain stem encephalitis vs. autonomic nervous system dysregulation, p 0.001; isolated brain stem encephalitis vs. pulmonary oedema, p 0.002; pulmonary oedema vs.
echovirus meningitis, p 0.004.
dIsolated brain stem encephalitis vs. autonomic nervous system dysregulation, p 0.023; isolated brain stem encephalitis vs. pulmonary oedema, p 0.002; pulmonary oedema
vs. echovirus meningitis, p 0.041.
eIsolated brain stem encephalitis vs. autonomic nervous system dysregulation, p 0.04; isolated brain stem encephalitis vs. pulmonary oedema, p <0.001; autonomic nervous
system dysregulation vs. pulmonary oedema, p <0.001; pulmonary oedema vs. echovirus meningitis, p <0.001.
WBC, white blood cell.
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elevated levels of IL-6 in the CSF of patients with
EV71 [19]. The present study also found higher
CSF levels of IL-6 in patients with EV71 PE than in
patients with isolated BE. This suggests that IL-6
may contribute to the overwhelming disease
process. Even higher CSF levels of IL-6 were
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Fig. 1. Cerebrospinal ﬂuid concentrations of interleukin (IL)-1b, IL-2, IL-4, IL-6, IL-10, IL-13, interferon (IFN)-c and tumour
necrosis factor (TNF)-a in paediatric patients with enterovirus 71 (EV71)-associated isolated brainstem encephalitis (BE),
autonomic nervous system (ANS) dysregulation, pulmonary oedema (PE), and echovirus meningitis.
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found in patients with EM. However, as patients
with EM were older than those with EV71 BE, an
age-dependent increase in levels of IL-6 in CSF
among patients with EM should also be expected
[20].
Increased plasma levels of IL-10 in children
with EV71 PE have been reported previously [8],
but upregulation of IL-10 in the CSF was not
detected in the present study. IL-10 attenuates
several inﬂammatory pathways. Locally
produced IL-10 can also suppress the release of
pro-inﬂammatory cytokines and promote the
synthesis of neurotropic factors.
The ﬁnding that enteroviruses could be isolated
from the CSF of children with EM, but not from
those with EV71 BE, suggested, in part, that IL-1b
and IL-6 are mainly synthesised in the meninges
of children with EM. In contrast, IFN-c appears to
be synthesised predominantly in the brain paren-
chyma of children with EV71 ANS dysregulation
and PE. The concentration of IFN-c in the brain
tissue may be higher than that in the CSF [21].
Furthermore, previous studies have also demon-
strated that EV71 can move into the CNS through
a retrograde axonal pathway in an oral infected
mouse model [22,23].
In summary, this study demonstrated a signi-
ﬁcant association between CSF levels of IL-1b,
IL-6 and IFN-c and the severity of EV71 BE. IFN-c
was the only cytokine with levels signiﬁcantly
higher in patients with severe EV71 BE than in
patients with EM. Although the cytokines, e.g.,
IL-1b or IL-6, are all involved in enterovirus-
induced CNS inﬂammation, IFN-c seems to play a
more prominent role in the overwhelming disease
process caused by EV71. There are distinct differ-
ences between the CNS inﬂammatory response in
EV71 BE and EM. The up-regulated levels of IL-1b
and IL-6 in EM may relate to the patient’s age, but
not to the disease severity. It is concluded that
both the CNS and the systemic inﬂammatory
responses to infection play important, but dis-
tinctly different, roles in the pathogenesis of
EV71 PE.
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